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MULTIPLICATION AND VIRULENCE CF SEPTIC..MIC
AND BLOOD PATHOGENS IN THE CGRGANISL OF IN-
. FECTED ANIISALS AND IN THEIR CARCASSKES:

REPRT VI, STWDY OF A MODEL CF EXPERI~
WUGNTAL INCCULATIONS WITH lListeria mono-

Oxs ogenes

Izvestiya na Mikrohiolc- 41, Toshkov, D, Velyanov
Fziocheskiya Institut va and Iv, Kaloyanov ‘

BTlgarska Akademlya na
NaEEIEo (Bullstin of the

Tnetitute of Miocrodiology

of the Bulgarian Academy
of Sciensces), Vol, 17,
1365, pagee 135-141.

Tane results of our research on the mul tiplication and
virnlence of certain septicemic a8nd blood pathogens waere re-
ported in a series of preceding srtioles {1, 2, 3, 4, 5], The
r*s5sults 0of our rssuarch on the multiplication and ehanges in
the virulerce of Listeria monocytogenes, set forth in the
prosent article, are a direct follow-up o< these,

Listeria monocyto;-enes is of interest as an object of
study in ithe senge of our mreceding research not only from the
viewpoint of epidemiology and epizootiology, but also from the
viewpoint of the dootrine of a natural foous of infeotious dis-
eases,

Ay 18 known, Ldat; monogytogenes is pathogenic not only
for man but also for a ree number ol domeatio and wild ani-
mls, 48 a result, it must be emphasized, the cannibaliem

migoly prevalent among the rodents and ocarnivores living in
fresdom in nature represents a eignitioantly important link




in the epizootiology aend natural foous of listeriosis., Thise
being the case, any pcstmortal multiplication and rise in the
virulence of IaiutL monogytogenes would oconstitute an excep-

tlonally imporiant condition essuring ths resdy reinfection of
wild animals in nsture,

Materisls and Methods

Wa worked acccréing to the technique desoribed in some
of the preoceding artioles (2, 4), using the guinea pig as ex-
perimental animel, The guinea piga, each inoculated intra-
peritoneally with 1 ml of 24-hour droth culture of List, mono-
cytogpenes, died on the 4th-5th day,

We made ths determination of the virulence of cultures,

-1polated et varying periods after death from the heart's blood

0f the experims;ital animals, on white miocoe as in the preceding
worke (1, 2, 3, 4, 8],

Ihree groups of experiments ware oconduoted: Group I =--
the carcasses of six guinea pigs that diod after expsrimental
inooulation, kept at a tsmperature of 28° C; Group II ~- ocar-
cagges of five guinea plgs, kept at o temperatu.ro of 16° ¢C;
end Group III -- csrocasses of six guinea pigs kept in the re-
Irigerator at a temporature from 0 t

Regults and Discussion

Tadble 1 gives the avarage results of the first group of
experiments, From the data it can be seen that at the moment
of death and at the 5th and 9th hour thereafter no IListeria
are discovered at all despite 900X magnification of the Ileld
of view, At the 24th hour 1 or 2 dbaotearis are ascertained
scrosse @dach of geversl fields, while in the preparations made
36 and 48 hours eftarwards no Listeris are discovered,

Theee data show that the baoteriemic titer of List,
monooytogenes in the guinsa pig before death is not hWIgh
enoié Tor the antibacterial properties of the blood to be
vvarcome, snd for this reason no postmortal mulitiplication of
Ligteria i1s observed in ocontrast to what was observed in the

oaso]of a number of pathogene in cur preceding works (1, 2,
3, 41},

The misroscopio findings in the liver a&nd spleen at the
moment of death show from O to 1-2 Listeria aoross a few
fields, 1. o, the find inge sre abou¥ the seme as in the blood,
Thereafter the number of baocteria inoreases ten-fuld, $0 read
100-150 baoteria on the field of view at the 48th hour, It

it




merita mention that List, monoo%ogenea ashows a definite
tendency to multiply ln n 0 - ascteria Or more,
Table 1
RATE AND EXTINT (F POSTM(RTAL MUITIPLICATICN OF

Listaria monooytogenes AT 28° 0 OGN THE BASIS OF
— FINOINCS IE CEEISSKS OF SIX GUINEA PIGS
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i HE‘::N(;‘:‘ !(Ggp%:.u.o'a:«:::::‘:c (6pch wa "”p:;-:'p:ﬂ.. PPRETEARO l(epol 1] n(n;:.:" ns spareame
: "8 IpEIIANG noae) 'l noag) i noax)
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K 1 Mouens ma - - "or € 10 1—-2 wa maxoaxko no-
! cwwpme ', FT3E

] Sw - or 1—2 a0 aecetnma 01 45 a0 Aecetunz Ma nowe
-3 9w —_ ov 10 a0 20 or 0 29 rueass or 20—25 Ban.
. Tepun npey 12 noaets
! 4 24\ n 1—2 ®3 Ma. o1 5- Gnom—mulnoaeotm 20 20 40--30
| XOAKQ POaeTa TyK-taM rHe3aa or no 25—30
(Gaxtepun
b 36 v - ot 4—5 2o 5060 10—15 (1 HEKOA npengpaT™ M8
TRE3AS NO NETACCETHHS NPes
‘2—4 noseTa)
6 44 - or 10—12 20 100—150 na no- !
1e H & OTACANE NOaLTR rnem
'0T NO HAKOAKO ACCETXN AO CTO~)
iTHHS aucnpnu ’

Keys (by columns):
A, Time after death

1., Mcment of death 4, 24 hoxrs
2, b hours 5, 46 hours
3. 9 hours 6. 48 hours

B, Blood from heert (namber of listeris in visual fielad)
4. 1-2 on seaveral flelds

0., iver .
| 2. 1-2 to 10 6. from 4-5 to 50-60
3, 10 to 20 6, from 10-12 to 100~
4., 5-6 to 20-20 per field; 150 per field and
here and there nidi of in indiv idual fielks
26-30 baoteria nidi of several

tens to 100 List,
D. 8pleen (number of Listeria in visual field)
1, from 0 ¢t0 1-2 on a fiew fields
2, Zfrom 4-5 to 10 per field
3., from 0 to nidi of 20-25 baocteria aoross 1-Z fislds
4, from 16-20 to 40-50
5, 10-15 (in some preparations nidi of 50 each
asroge 2-3 fields)
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In oontrast to the hundred~ and thousand-fold multipli-
cation of the puthogens usel 23 models in our preceding worga,
the pace of multiplication here at the same temparature (28
0) is slower and for this reason the nuater cf Ticteria that
have reproduced is smaller,

Table 2
RATE AND EXTZINT GF POSTMORTAL MULTIPLIC ATION QF

Listeris monocytogenes AT 16° ¢ ON THE BASIS OF
'—s'nmms“'ﬁ:&ﬁm BS OF FIVE GUINEA PIGS
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A ..., cata Brpae or capuero ! ¢ Yepen 2pod : Reasx N
cuvprre (6poAnR AnciepaRYe (SF0R N ANCTEpunTE ¥ IpRTesso | (Spod ma amcTEpRRYE RS DpETEARG |
| WS IpNTRARO NOAS) I noae) noae) :
1 Mowent a3 ! — or 0 20 4~=5 ma spuream ov 34 npes noie 10 ‘20—23‘
CWIpTTE noae HE 3pnTeano noae ot
2 s — 10~12~-18 5-12 ,
3 9w lor ) a0 7 -9 npes'or 0 20 1015 or 7—8 Ha moae 20 20—30 1
HAKOAKO NOxeTA BakTephn Ma rHeas
4 24 . — ot 10 gc 18—20 na nose (ryx-or 10—=15 a0 70—80
TaN ua reesss no 10—19) !
5 36w - 'm eannkunn 20 100—130 ualor 50—60 a0 200--30C N
rroAe
6 48 u. no 2-—3 npes wa-lor 2030 20 70—80 ruesss no 40—50, ryx-Tam g0 |-
KOAKO NOACTS HETPYNRENE OT MNOXECTRO OaK-
TEpHR M nore

Keys (dy columns):
A, Ti-e after death

1., Moment of death 4, 24 hours
2, b hours 5, 36 hours
3, 9 hours 6, 48 nours

B, Blood from heart (number of Listeris on visual field)
3, from 1 to 7-9 across several Ilnlds
6, &-J aoross several flelds

0. Liver (number of Listeria on visual field)

from 0 to 4-5 on visual field
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from 0 to 10-15

from 10 to 18-20 on field (here and there in nidi
¢f 10-16

from soattered ones tc 100-130 on field

from 20-30 to 70-80

een (number of IListeria on vis.al field)

from 34 aoross Jleld to 20-25 on visual fle. 4
from 7-8 o0.: field to 20-30 baoteria in nidl

from 10-15 to 70-80

from 50-60 ¢~ 200-300

Nidi of 40-50, hare and thaere prior tO acoumula~
tion of a great number of bac.earia on field




KATE AND EXTENT CF POSTVMRRTAL ?
IListeris munooytorense AT 0 ~--

S IN TS T CIRCISSES OF SIX

Table 3

J‘LJ'&TIPLICATION oF
4 C ON BASIS OF

GU INEA PIGS
I
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2 5w 0 3 -5 upes noae 3-%
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Keys (dy columns):
A, Time after death
1, Moment of death 6. % hours
2, © hours 6, 48 hours
3, 9 hours 7. 72 houre
4. 24 hours
B, Blood from hesrt (number of Listeria on visual field)
0. Livar (number of Listeria on visual field)
1, Zfror 1-2 toc T (o0 several fields 6~ lu—]_4)
e, o-b acroass field
3, 10-12-25 (ir nidi of 15-30)
4, 15-20 (in nidi of 35-40)
7. 50-60 (in one dlood vessel in excese of 80)
D, 8pleen (number of Listeria on visusl fisld)

1, 1-2 to 10 (in one preparation foous with 25-30

Ligteria on field

g. Y025 o 20

. 10-30 to 35 aorves visual fiald
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The resuits of the second group of experiments, conduot-
ed at a temporatwe of 16° C, are sst forth in Tgble 2, At
this tempereture, too, the results »f the anhalysis of blood
smare are negative with the exception of findings at the 9th
and 48th hour where i1isnlated bacteria are sncountered across
a fow visual fields,

The finfAi=r~~ {in the liver and spleen at this lower
temperature show no sighificant aiireresuces LT Vios8 OD-
served in the first group of experiments, Inh contrast to the
ocasiderabls retardation in the tempo of multiplication with
the reducticn of temperature observed in the case of Past,
Eseudctuburculoaie, Erys, rhusiopathiae and Bact, pyoocyaneum,

ere 8 phenomenon ;g not observed to be 8O olearly pro-
ncunced, kEven in the ocase 0of smears at the 36th and 48th hbour

ten~fold and greater multiplication of the Listeria is ob-
gerved,

The results of the third group of experiments, conduct-
ed at & temparature of from O to 4° C nre givan in Tadle 3,
The data of miorrgoopin firdings in bdlood smears as well as in
liver and spleen preparati: 18 show rulte clearly tuat the post-
mortal multiplicstion of 1L :teria at refrigerating tempersture
proceeds considerably more slowiy in comparison with the find-
ing in the first two experimental groups at 28 and 16° ¢, It
must be mentioned that the number cf Listeria in the 11ver and
eplesn preparations made at the 72nd Bour 1Is already consider-
able and equals the number of baoteria by the 36th-48th honr
at a temperature of 16° C, This is the result of comparatively
more rapid postmortal multiplicetion of listeria after the
gsecond 24-hour period,

In the third group of experimente tne data rom bdlood
emears likewise coinoide, espectally dur ing the later Zours,
with the results obtcined in the first two groups of experi-
ments, Consequently the antibasterial titer of the blood
relative to List! monoo*§o§enes is comparatively higher and
canuct easily eand quickly be overcome regardless of the con-
aiderobla Aifarences in temperature during the different
groups of expriments,

Nor, it nust be noted, -- Just liks our odbservetions

in the oase cf Past, pseudotuberculosis and Bact oyaneum
(2, 4], -~ is any multipllication of septioc mTEFEfIggg_%%:—_-
sarved here as a oounterbalance to that whioh was ascertained
in the case of Brys, rhusiopathiae [(3) -- exudberant multipli-
oation of a large number o acterisl species penetrating into

the blood and tissues of the digestive trsot,




Table 4

VARJATIONS IN VIRULENCE OF Listeria monoo;% ?
enes IN CARCASSES OF GUINEA

TVUY TEMIERA TURES (mrruL VIRULENCE OF $TRAINS

3 « 10 )
‘ - o _— i ——
i ‘ B Tc-mpnnu npa uono it c\:plnui Tpysesers
Bpewe raea Ceapyve l—‘— b e — ——, T T e
_ nC | 16 *C | —4%C
|
Mouent ma cuIprTTs & 1074 5.1074 5..107¢
S 10 4 5.10 8 5.107
10 . - 3.10 1078
24 v 3.107¢ 107 3.10®
b I 3.107 - 10
© 48« 107 3.1073 5.1078

Keys (by columns)

A, Time after death
. Moment of death
5 hours
10 hours
24 hours
36 hours
48 hours
perature at which ocaercasses were 5mpt

| od

2.
S
4
5
6.
B, Tem

nble & Zensera lizds the titretion reasmlte of ochanges
in the virulenoe of Listeria minogytogenes in the ocarcasses
cf guinea pigs that dled alter experimental 1inooculation, kept
at different tempaatures, Fro~ the data for & temperature of
28° C it can be seen that at the morment 0f death virulence
woge 60-fold in comparison with initiel tempera ture, At the
6th hour it hand rissan 300-fold, to reach an inorease of over
10,000~fcld at the 24th hour, at which level it remalined until
the 35th hours, Thereafter, at the 48th hour, it fell sharply
(hardly 30 time 8 higher than initisl temperature)

At a temperature of 16° C, virulence at the moment of
death, Just as sbove, rose 60-fold in oomparison with initial
virulence, Thareafter it showed a tesndenoy towards a marked
rise, mount ing 600-fold at the &Hth hour, 1000-fold at the 10th
hour amd sttaining its maximum of 3000-fold at the 24th hour,
Regardless of its consideradle drop at the 48th hour, it re-
meing 10 times greater than initial virulence,




As ogn be sesn from the results given far a temperature
from 0 to 4~ C, the virulenose of Listeris monoovtoosenes at this
tomporature inoruvases rore slowly durin: wWie Iirst o4 -bour po-
riocd (600~fold at the 24th hour), reachin: its maximum increase
of 2000-fovld at the 36tk hour after death, At the 48th hour
it drops to alrost initial virulencu,

Compariscn of tha deta from the above thres experiments
revyals that the aaange in virulence of Listerias mownooytogenes
in the carcasees proceeds mevst rapldly una rvaches tue Lighaaf

level at a temparaturs of 28° C, At a temporature of 16° ¢
and at a temper ature from 0 to 4° C virulence attains the same
maximum of 3000-fcld, but this rise at temperature 0-4° C is
‘ slower uiid is reached a little leter, ot the 36th hour after

death,

In this regard List, mcnooytogcenes proves similar to
Pagt, poeudotuberoulosis [5] and glfiere significantly from
the systematicully more akin krys, rhusiopathiae, in whose
oapge the tempera ture deocrcase has a sharp effeol on the ex-

tent to whioh 1it¢s virulence rises in the carcasmses ufter death,

like a few of the septicemlo egents stud ied by us
earlier (2, 3, 4), Listeris monooytogenss alsc manifests a
well-pronounced capaolty, as can be seen frum the faots set
forth adbove, to multiply in the ocarcasses ol dead ani~als at
a temperature from 0-4° C, This faot, Just as the fact that
the virulence of Listoria monocytocenes at this temperaturse
attains, albelt more slowly, the sams level as at a temparatmnre
of 16° C (up to 3000-fold in comparison with initial virulence),
is of extiraordinarily great significence and shc.s that in the
case of listeriosis too carcasses huve a most important role
%8 akreservoir and a vary dangerous gource nf infeutious out=-
reak,

All these data, ascerteined dur ing our researoch on the
multiplicsiion and virulence of Ligtaria in the organism of
infeoted animals and especially In helr carcasses, place
listariosis in an entirely new light from the v iewpoint of
eplzootiology end epidemiology and, abeve all, from the view-
point of the dootrine of the natural foous 0f infooctious die-
eases,

Qonglusions

On the basia'of the experiments here oonducted the fcl-
lowing oocnclusions can be drawn:

1, Parallel with the ococourrence of ocomparatively more




moderats pustmartal —ultiplication of Listeris menocytugones
{ in the tissuos of enimals that have didd ol exp&‘Tr?:nfaETfE-
turiosis, there tukos place also a vory great increase in the
virulence of tiis ricrebe, I1n contrast to theo tissues, no

] multiplicaticen of listeria {s uvbaarved in the blceod,

2, Ths d4i fferent temperstures have more influenco on
the rate at which postmortul multiplication talkns placoe timn
on the number of baoteria, At 28° C the numbur of Listoriae
inorease 100-rold by the 48th hour, at a temperuture oY 160 C
30~ to 40-fold by the 48th bour, while ut rofrigerating to--
perature the same leval 1s barely reached by the 72nd hour,

3., The intensifioation of the virulence of Listoria
monooytorenes whioh tokes place simultuneously with™ the
pootmortal multipliocation is likewise not directly dependent

. on temperature changes, At 28° C it reuches its maxiru~ by
the Z4th to 36th hour (1C,000-fold in copparison with initlal
virulence), while at a temperature of 16° C the inorease in
viruleace reaches & maxj-um of 3,000-fold at tho <4th how,
At a tempsrsture of C-4- C the rise of virulence takes place
more slowly, and this su=e maximum is hardly rvached at the
d6th how ,

4, Tho graut differences registered tetween passace
virulence (dur ing the ¢icease) and postmortal virulence of
Listeria monocytogones emphasizoes the grest role of carcasses
of anlmglr that have daied from listeriosis from the viewpoint
of epizootiology, epidemiology end the dootrine of tie nutural
foous o infeotious dimeasus,
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BIGLIOGRATHY

1, Toshkov, Al,, As, Toshkov end G, Kamburov, "pulti-
rlication and Virulence of Septicemic and Blocd Pathogens in
the Organis— o?f Infected Anirmals and their Carcasses, Re-
port I," Izvestiya na Wikrobiol, inst, na BAN (Bulletin of the
Inctitute of Miorotiology of the bFulgarian hcademy of Solences),
16, 1964,

2, Toshkov, Al,, and D, Belyasnov, "Multiplication and
Virulenoce of Septicemic and Elood Pathogens in the Organjem of
Infectsd Animels and the ir Carscasses, Repert II," Izventi
na Mikrobiol, inet, na BAN (Bulletin of the Institute of ﬂ;c.ro-
bloTogy of the Bulgarian Aoademy of Soiences), 16, 1964,




fanad

3, Toshkov, Al,, and Iv, Ksloyanov, "Multiplication
and Virulence of Soptioemic and Blood Pathogens in the Organ-
is of Infected Anire 18 and their Carcasses, Repert III,"
Izvestiya na Mikrobiol, inst, na BAN (Bulletin of the Instltute
gé‘;ﬁorobiolo;;y of tha Bulgarian Academy ¢f Cciences), 16,

54 , :

4, Toshkov, Al,, and D, Belyanov, "Multiplication and
Virulence of Septicemio and Blood Pathogens in the Organism
of Infected Aninals and thelr Carcasses, Report IV," lzvesti
na Mikrobiol, irst, na BAN (Bulletin of the Institute OFf MIloxo-

bloTogy of the Eulgarlan Aoademy Of Scienses), 16, 1964,

S, Toschkoff, Al,, As, Toshkov, M, Radeva, I, Droum-
ochev and Y, Karedzhov, "Further Studies on the Causes 0f Easy
Infeotions during the Post-lortem Exawinations of Septio
Cadavers™ [Bnglish in source text], Comptes rendus de l'Acad-~

émie bulgare des soiences (Reports of the Bulgarlian hoademy
of Solences), Vo1, 13, No, £, 1965,

SUMMARY

Follow-up studies ware made o0f the multiplication and
virulence of lListeris monoo%o enes in the or/manism of experi-
mentally inocuia &alnea pigs and in their carcasses after
death,

* On the basis of these experiments it was established
that simultesneously with & compsrat’vely moderate postmortal
multiplication of listeria monocytogenes in th: tissues there
takes place as woll an extraovdinary Intenslifi atlcn of its
virulenoca, No multirlication ie odbservoed in the bdlood of ex-
perimental animals, It is noted that temperature changes saf-
foot the rate at whioh multiplicetion takes place and viru-
lence increases atier d9ath, The inoresse of virulence in the
oarcass takes placo in the following order: at 28° ¢ 10,000-
fo0ld by the 24t.-36th hour; at 18° C 3,000-fold by tha 24th
hour; and st 0-4© C 3,000-fold by the 3 th hour,

The s light increass in virulence during the disease (up
to 60-folc in ¢ arison with initial viruleace) and the sharp
rise after death {up to 19,000-fold) emphasize the important
role of caroacees 0a a slgnificantly more dangerous reservolr
and souroe of infecticus outbreak than the organism of animals
suffering from liestariosls, )

et i S -




